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Description 

Technical field 

[0001] The present invention relates to ultra fine par- 
ticles of Tungsten(W) and a method for producing the 
same. 

Background art 

[0002] Metal particles show properties different from 
that of ordinary ones (of 1 u.m or more, for instance) 
when a diameter becomes ultra fine such as 100 nm or 
less. In the ultra fine particle, since a number of atoms 
on the surface thereof increases relative to the total 
number of atoms, an influence of surface energy on 
properties of the particle can not be neglected. Further, 
an influence due to residual strain that is a problem in 
an ordinary bulk material can be avoided. Thereby, the 
ultra fine particles show various kinds of excellent prop- 
erties. 

[0003] The ultra fine particles show properties differ- 
ent from that of a bulk such as that for instance a melting 
point and sintering temperature thereof become lower 
compared with that of the bulk, and, in some cases, 
hardness becomes higher compared with that of the 
bulk. Further, when a plurality of ultra fine particles ex- 
ists, there is a likelihood that a tunneling effect occurs 
therebetween, or a quantum mechanical effect such as 
quantum well, mini-band, quantum wire or the like ap- 
pears. Further, the ultra fine particles, depending on the 
type thereof, have an excellent function of various kinds 
of materials such as obtaining high catalytic activity. 
Thus, the ultra fine particles are excellent in various 
kinds of properties such as chemical, mechanical, elec- 
trical, thermal properties and so on. 
[0004] By making the best use of the excellent prop- 
erties that the ultra fine particles of nano-order have, 
various kinds of materials can be improved in properties 
thereof and various kinds of devices and catalysts can 
be applied to functional materials. Accordingly, the study 
of physical properties and applications of the ultra fine 
particles is in progress. Further, if an agglomerate there- 
of maintaining characteristics of the ultra fine particle of 
nano-order, for instance, a nano-crystal thin film can be 
obtained, a likelihood of applications as the device ma- 
terial and functional material is expected to become 
even higher. 

[0005] Now, as existing methods of producing the ul- 
tra fine particles, there are known physical and chemical 
methods shown in the following. That is, as the physical 
methods for producing the ultra fine particles, a gas 
phase condensation method, a sputtering method, a 
metal evaporation synthesis method, a vacuum evapo- 
ration method on a fluid oil can be cited. As the chemical 
methods for producing the ultra fine particles that make 
use of a liquid phase, a colloidal method, an alkoxide 
method, a co-precipitation method or the like can be cit- 



ed. As the chemical methods for producing the ultra fine 
particles that make use of a gaseous phase, an organo- 
metallic compound pyrolysis method, a metal chloride 
reducing/nitridation method, a reduction method in hy- 
5 drogen, a solvent evaporation method can be cited. 
[0006] All the aforementioned existing methods for 
producing the ultra fine particles are ones that obtain the 
ultra fine particles as agglomerates, that is, ultra fine 
powders. Accordingly, these methods are unsuitable for 
studying properties and applications as a single ultra 
fine particle. 

[0007] By contrast, inventors of the present invention 
previously proposed a method of generating Al ultra fine 
particles in which an electron beam of an intensity of 
approximately 1 x 1 0 5 A/m 2 (1 x 10 20 e/cm 2 -sec) is irra- 
diated on an Al oxide particle in an atmosphere of a high 
vacuum to generate Al ultra fine particles (cf. Japanese 
Patent Laid-open Application No. HEI 8-217419). Ac- 
cording to the method, the Al ultra fine particles can be 
obtained as a single particle, further the shape and crys- 
tal orientation thereof can be controlled. 
[0008] However, since the aforementioned method 
has been developed only for the Al ultra fine particles, 
conditions of production of the ultra fine particles are not 
necessarily suitable for all kinds of metals. 
[0009] For instance, W is known as a refractory metal. 
If ultra fine particles of W satisfying both such material 
properties of W and properties based on the ultra fine 
particles can be obtained, applications to usage differ- 
ent from the Al ultra fine particles can be expected. How- 
ever, Al pertaining to light metals and W that is one of 
elements of particularly large atomic weight among 
heavy metals show largely different behavior in irradiat- 
ing an electron beam on oxide particles thereof. Accord- 
ingly, even if the aforementioned conditions for produc- 
ing the Al ultra fine particles are simply applied to the W 
ultra fine particles, excellent W ultra fine particles can 
not be obtained with good reproducibility. This hinders 
the W ultra fine particles from being applied to devices 
and various kinds of function materials. From the above, 
development of conditions for producing ultra fine par- 
ticles that enable to obtain W ultra fine particles with re- 
producibility is in demand. 

[0010] In addition, if an agglomerate maintaining 
properties of ultra fine particles of nano-order, for in- 
stance, a nano-crystal thin film is obtained, realization 
of applications in for instance device materials and func- 
tion materials is highly expected to be further height- 
ened. From the above, it is in demand to enable produc- 
tion of a nano-crystal thin film that uses W ultra fine par- 
ticles. 

[0011] There are existing general thin film formation 
methods such as a PVD method and CVD method typ- 
ical in a vacuum deposition method, a laser ablation 
method, a sputtering method or the like. Furthermore, 
there are modified methods of the above ones such as 
a molecular beam epitaxy method (MBE method), a 
metal-organic vapor phase epitaxy method (MO-VPE 
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method) or the like, in all of which controllability of the 
aforementioned methods are improved. In these gener- 
al thin film formation methods, due to single-crystalliza- 
tion of the film caused by a substrate for film formation 
and nonuniformity in the initial stage of film formation, 5 
further due to crystal growth caused by heating of the 
substrate, it is extremely difficult to uniformly control the 
crystal size in nano-order. 

[001 2] The object of the present invention is to provide 
ultra fine particles of W capable of being operated and 
controlled in various ways as a single particle or a fused 
body, and a method for producing ultra fine particles of 
W that enable to obtain such ultra fine particles of W 
with good reproducibility. 

Disclosure of the Invention 

[0013] The present inventors studied hard to obtain 
excellent ultra fine particles of W. As a result, it is found 
that in irradiating an electron beam on a particle of W 
oxide to produce ultra fine particles of W, the electron 
beam of an intensity in the range of 1 0 8 to 1 0 9 A/m 2 (1 0 23 
to 10 24 e/cm 2 sec) is effective. 
[0014] That is, in the case of an electron beam being 
irradiated on a particle of W0 3 , when the intensity of the 
electron beam is less than 10 8 A/m 2 (10 23 e/cm 2 sec), 
energy is insufficient for debonding between W and ox- 
ygen atoms. In this case, only the inside of the particle 
of W0 3 is changed to a fine polycrystalline structure, ul- 
tra fine particles of W being not obtained from the par- 
ticle of W0 3 . 

[0015] On the other hand, in the case of the intensity 
of the electron beam exceeding 10 9 A/m 2 (10 24 e/ 
cm 2 sec), the particle of W0 3 is damaged due to the ir- 
radiation, ultra fine particles of W of excellent crystalline 
state being not obtained. It is considered that on these, 
an atomic weight of W and bonding energy between W 
and oxygen affect. In particular, the atomic weight is 
considered to largely affect thereon. 
[001 6] The present invention is based on such knowl- 
edge. Ultra fine particles of W of the present invention 
are ones that are formed through an irradiation of an 
electron beam on a particle of W oxide. It is character- 
ized in that the ultra fine particles consist essentially of 
W that is derived from the particle of W oxide by irradi- 
ating the electron beam of an intensity of 10 8 to 10 9 A/ 
m 2 (10 23 to 10 24 e/cm 2 sec) on the particle of W oxide 
in an atmosphere of a high vacuum. 
[0017] The ultra fine particles of W of the present in- 
vention have a particle diameter of 10 nm or less. The 
ultra fine particles of the present invention can exist not 
only as a single particle of ultra fine particle of W but 
also as a bonded body of a plurality of ultra fine particles 
of W. As a concrete example of this case, a nano crystal 
thin film in which a plurality of ultra fine particles of W is 
bonded can be cited. 

[0018] A method for producing ultra fine particles of 
W of the present invention comprises a step of disposing 



a particle of W0 3 on an amorphous carbon film, and a 
step of irradiating an electron beam of an intensity of 
1 0 8 to 1 0 9 A/m 2 (1 0 23 to 1 0 24 e/cm^sec) on the particle 
of W0 3 in an atmosphere of a high vacuum to debond 
W atom from the particle of W0 3 to form ultra fine par- 
ticles of W having a particle diameter of 10 nm or less. 
[0019] In the present method for producing ultra fine 
particles of W, the ultra fine particles of W derived from 
the particle of W oxide, while sticking on the amorphous 
carbon film, can be bonded to each other. In the method 
of producing ultra fine particles of W of the present in- 
vention, an electron beam is preferable to be irradiated 
on a particle of W oxide in an atmosphere of 10- 5 Pa or 
better. 

Brief Description of the Drawings 
[0020] 

Fig. 1 is a diagram schematically showing a state 
of production of ultra fine particles of W of the 
present invention, 

Fig. 2 is a diagram schematically showing a nano- 

crystal thin film produced from ultra fine particles of 

W of the present invention, 

Fig. 3 is a diagram schematically showing a TEM 

observation after irradiation of an electron beam on 

a particle of W0 3 in embodiment 1 of the present 

invention, 

Fig. 4 is a diagram showing measurements of par- 
ticle diameters of ultra fine particles of W produced 
in embodiment 1 of the present invention. 

Modes for Implementing the Invention 

[0021] In the following, modes for implementing the 
present invention will be described. 
[0022] Fig. 1 is a diagram schematically showing a 
state of production of ultra fine particles of W of the 
present invention. In the figure, reference numeral 1 de- 
notes an amorphous carbon support film. First, on the 
amorphous carbon support film 1 , a particle of W oxide 
2, raw material of ultra fine particles of W, is disposed. 
As the particle of W oxide 2, W0 3 , is used. 
[0023] The W oxide such as W0 3 , being relatively low 
in the bond strength between W-O, due to an irradiation 
of an electron beam that will be described later, can pro- 
duce ultra fine particles of W with reproducibility. Due to 
the irradiation of an electron beam, oxygen atom is 
debonded away from the bonding with W. Since the 
debonded oxygen is reduced by for instance an amor- 
phous carbon support film 1 , ultra fine particles of W of 
high purity can be obtained. From the above reasons, 
in the present invention, as a raw material for producing 
the ultra fine particles of W, a particle of W oxide 2 such 
as that of W0 3 is used. 

[0024] The particle diameter of the ultra fine particles 
of W 2 is not particularly restricted but is preferable to 
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be in the range of for instance 0.05 to 10 urn. When an 
initial particle diameter of a particle of W oxide 2 is too 
small, there is a possibility that ultra fine particles of W 
can not be sufficiently generated. On the other hand, the 
initial particle diameter of the particle of W oxide 2, when 5 
being too large, even with an electron beam of high in- 
tensity that will be described later, may not be uniformly 
activated. 

[0025] Next, onto the particle of W oxide 2 disposed 
on the amorphous carbon support film 1 , an electron 
beam 3 of an intensity of 10 8 to 10 9 A/m 2 (10 23 to 10 24 
e/cm^sec) is irradiated. The electron beam 3 is irradi- 
ated in an atmosphere of a high vacuum. In specific, the 
electron beam 3 is preferable to be irradiated in an at- 
mosphere of 10 -5 Pa or better. Further, during the irra- 
diation of the electron beam 3, a substrate is, without 
being heated, kept under room temperature. 
[0026] Upon irradiating the electron beam 3 of such 
an intensity on the particle of W oxide 2, the particle of 
W oxide 2 is activated, and the bond between W-0 is 
cut due to electron stimulated desorption (ESD) and a 
sputtering effect to sputter W and O in the surroundings 
of the particle of W oxide 2. 

[0027] In this case, in addition to the atmosphere dur- 
ing the irradiation of the electron beam 3 being a vacuum 
atmosphere, the particle of W oxide 2 is disposed on the 
amorphous carbon support film 1 that has a reducing 
action. Accordingly, the oxygen sputtered from the par- 
ticle of W oxide 2 is reduced and only W sticks on the 
amorphous carbon support film 1 in the surroundings as 
for instance clusters. Thus, ultra fine particles of W 4 are 
generated. 

[0028] In order to generate the ultra fine particles of 
W with reproducibility, it is important to control the inten- 
sity of the electron beam 3 being irradiated on the par- 
ticle of W oxide 2 in the range of 1 0 8 to 10 9 A/m 2 (10 23 
to 10 24 e/cm 2 sec). That is, when the intensity of the 
electron beam 3 is less than 1 0 8 A/m 2 (1 0 23 e/cm 2 sec), 
energy necessary forcutting bond between W-O, further 
energy sufficient for sputtering the W that is debonded 
from the bond as clusters in the surroundings can not 
be sufficiently given. On these, the atomic weight of W 
(183.85) and the binding energy of W-0 are supposed 
to affect. In particular, the atomic weight is considered 
to largely affect. 

[0029] The electron beam 3 of an intensity of less than 
1 0 8 A/m 2 (1 0 23 e/cm 2 sec) converts only the core of the 
particle of W oxide 2 into a fine polycrystalline structure, 
the ultra fine particles 4 of W being not obtained from 
the particle of W oxide 2 with reproducibility. By contrast, 
when an intensity of the electron beam 3 exceeds 1 0 9 
A/m 2 (1 0 24 e/cm 2 sec), the particle of W oxide 2 is dam- 
aged due to the irradiation to result in incapability of ob- 
taining the ultra fine particles of W 4 of excellent crys- 
talline state. 

[0030] Thus, by irradiating an electron beam of an in- 
tensity of 1 0 8 to 1 0 9 A/m 2 (1 0 23 to 1 0 24 e/cm^sec) on a 
particle of W oxide 2, ultra fine particles of W 4 of excel- 



lent crystalline state can be obtained with reproducibility. 
The obtained ultra fine particles of W 4 are single crystal 
particles. 

[0031 ] An electron beam of the aforementioned inten- 
sity can be obtained by making use of for instance a 
FE-TEM (Field Emission-Transmission Electron Micro- 
scope). The existing TEM can not give an electron beam 
of the aforementioned intensity. Due to an advent of a 
FE-TEM, an electron beam 3 of high intensity, in more 
specific, of an intensity, of 1 0 8 to 1 0 9 A/m 2 (1 0 23 to 1 0 24 
e/cm^sec) is materialized. Thereby, the present inven- 
tion is made to realize. 

[0032] An atmosphere during the irradiation of an 
electron beam 3 on a particle of W oxide 2 is preferable 
to be a vacuum atmosphere of 1 0" 5 Pa or better. When 
the atmosphere during irradiation of the electron beam 
is 1 0- 5 Pa or worse, oxygen atoms can not be sufficiently 
removed. Thereby, W clusters supplied from the particle 
of W oxide 2 may be oxidized to result in an incapability 
of generating excellent ultra fine particles of W 4 with 
reproducibility. 

[0033] A particle diameter of W ultra fine particles 4 
sputtered in the surroundings of the particle of W oxide 
2, though different depending on the irradiation intensity 
of the electron beam 3, is in the range of approximately 
1 to 10 nm. Further, the particle diameters of the ob- 
tained ultra fine particles of W 4 are relatively uniform. 
According to the present invention, the ultra fine parti- 
cles of W 4 of uniform particle diameters of 10 nm or 
less can be obtained with good reproducibility. 
[0034] Thus, when irradiating the electron beam 3 of 
the intensity of 10 8 to 1 0 9 A/m 2 (1 0 23 to 10 24 e/cm 2 sec) 
on the particle of W oxide 2 such as W0 3 in an atmos- 
phere of high vacuum, ultra fine particles of W 4 con- 
sisting essentially of W debonded from the particle of W 
oxide 2 can be obtained. The obtained ultra fine particles 
4 of W are of particle diameters of for instance 1 0 nm or 
less and of uniform sizes, being able to sufficiently ex- 
hibit characteristics as ultra fine particles. 
[0035] The ultra fine particles of W 4 of the present 
invention can be utilized as various kinds of devices and 
functional materials. For instance, the ultra fine particles 
of W 4, by utilizing a quantum mechanical effect such 
as a tunneling effect and a quantum well both appearing 
therebetween 4, a mini-band, a quantum wire and so 
on, can be applied in device materials. Further, utilizing 
characteristics of the ultra fine particles of W 4 them- 
selves, the ultra fine particles of W 4 can be applied in 
functional materials. 

[0036] The aforementioned disruption of W-0 bond of 
the particle of W oxide 2 and sputtering of W based ther- 
eon are a phenomenon occurring, under ordinary con- 
ditions, only at such a high temperature region as ex- 
ceeding 2000°C. By contrast, in the present invention, 
due to the irradiation of an electron beam in an atmos- 
phere of a high vacuum, the ultra fine particles of W 4 
can be generated from the particle of W oxide 2 on a 
room temperature stage. In general, it is difficult to irra- 
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diate an electron beam under a controlled heating con- 
dition. Accordingly, realization of generation of the ultra 
fine particles of W 4 due to the irradiation of an electron 
beam on a room temperature stage has a significant 
meaning. 5 
[0037] The ultra fine particles of W 4 obtained due to 
the irradiation of the electron beam 3 onto the particle 
of W oxide 2, as shown in Fig. 1 , though being able to 
exist as a single ultra fine particle, can be also bonded 
into a body in which a plurality of ultra fine particles of 
W 4 is bonded to each other. Since the ultra fine particles 
themselves of W 4 deposited on the amorphous carbon 
support film 1 are in an activated state, each ultra fine 
particle of W 4 can be mutually bonded. 
[0038] As a concrete morphology of a bonded body 
of the ultra fine particles of W 4, as shown in Fig. 2 for 
example, a film of material in which lots of ultra fine par- 
ticles of W 4 are bonded to each other, that is a nano- 
crystal thin film 5 can be cited. The nano-crystal thin film 
5 such as described above can be obtained by control- 
ling the period of irradiating the electron beam 3 onto for 
instance the particle of W oxide 2. At this time, since the 
amorphous carbon support film 1 is kept at room tem- 
perature, the ultra fine particles of W 4 do not show grain 
growth, the particle diameter of the ultra fine particles of 
W 4 being approximately maintained. Accordingly, a na- 
no-crystal thin film (ultra thin film) 5 consisting of a bond- 
ed body of nano crystal particles approximately main- 
taining the particle diameter of the generated ultra fine 
particles of W 4, that is of nano crystal particles of an 
average particle diameter of 10 nm or less can be ob- 
tained. 

[0039] Thus, in an atmosphere of a high vacuum un- 
der room temperature, an electron beam 3 of a high in- 
tensity is irradiated onto a particle of W oxide 2 to sputter 
lots of ultra fine particles of W 4 of a particle diameter 
of for instance 1 0 nm or less in the surroundings. There- 
by, a nano-crystal thin film 5 having a crystal size nearly 
maintaining the particle diameter of the ultra fine parti- 
cles of W can be obtained. 

[0040] That is, without effecting grain growth from the 
ultra fine particles of W 4, by directly producing a crys- 
talline film consisting of a bonded body thereof, a nano- 
crystal thin film 5 of which crystal size is controlled in 
nanometer-order can be obtained. Such a nano-crystal 
thin film (ultra thin film) 5, the ultra fine particles of W 4 
having excellent chemical, mechanical, electrical and 
thermal properties, can apply these excellent properties 
in various kinds of devices and functional materials. 
[0041] Next, concrete embodiments of the present in- 
vention will be described. 

Embodiment 1 

[0042] First, a spherical particle of W0 3 (purity = 
99.8%) of a particle diameter of approximately 90 to 1 1 0 
nm is prepared as a particle of W oxide, after dispersing 
in alcohol, being coated on an amorphous carbon sup- 



port film, followed by drying. 

[0043] Then, the amorphous carbon support film ther- 
eon the particle of W0 3 is disposed is set on a room 
temperature stage set in a vacuum chamber of a 
FE-TEM. Then, after the inside of the aforementioned 
vacuum chamber is evacuated to a vacuum of approx- 
imately 1 x 10- 6 Pa, onto the particle of W0 3 disposed 
on the amorphous carbon support film, an electron 
beam of 4 x 1 0 8 A/m 2 (4 x 1 0 23 e/cnr^sec) is irradiated 
for 1 second. 

[0044] After irradiating the electron beam, a state in 
the surroundings of the particle of W0 3 is observed with 
a TEM. As a result, it is confirmed that in the surround- 
ings of the particle of W0 3 , lots of ultra fine particles of 
W are generated. In Fig. 3, a result of a TEM observation 
of the surroundings of the particle of W0 3 is schemati- 
cally shown. As shown in Fig. 3, in the surroundings of 
the particle of W0 3 , lots of ultra fine particles of W 4 are 
generated, some of these existing bonded to each other. 
Further, these ultra fine particles of W 4 are confirmed, 
due to TEM observation and electron diffraction analy- 
sis, to have an excellent crystalline state. 
[0045] The particle diameter of the obtained ultra fine 
particles of W is measured. The results thereof are 
shown in Fig. 4. As shown in Fig. 4, the particle diame- 
ters of the ultra fine particles of W distribute in the range 
of approximately 0.8 to 6.5 nm, the fluctuation thereof 
being small. An average particle diameter of the ob- 
tained ultra fine particles of W is 4.3 nm. 
[0046] On the otherhand, as a comparative example 
of the present invention, with the only exception of the 
intensity of the electron beam being 1 x 10 5 A/m 2 (1 x 
1 0 20 e/cm 2 -sec), under the identical conditions with em- 
bodiment 1 , an electron beam is irradiated onto a parti- 
cle of W0 3 , ultra fine particles of W being not obtained. 
Further, even when an electron beam of an intensity ex- 
ceeding 10 24 e/cm 2 sec is irradiated, the ultra fine par- 
ticles of W 4 such as in embodiment 1 can not be ob- 
tained. 

[0047] Thus, by irradiating an electron beam of an in- 
tensity of 1 0 8 to 1 0 9 A/m 2 (1 0 23 to 1 0 24 e/cm 2 sec) onto 
a particle of W0 3 in an atmosphere of high vacuum, ad- 
equate energy for obtaining ultra fine particles of W of 
excellent crystalline state can be given to the particle of 
W0 3 . Accordingly, ultra fine particles of W consisting of 
single crystal particle of excellent crystalline state can 
be obtained with reproducibility. 

Embodiment 2 

[0048] When, in the aforementioned embodiment 1 , 
a period of irradiation of an electron beam onto a particle 
of W0 3 is prolonged to 3,600 seconds, it is confirmed 
that a plurality of ultra fine particles of W sputtered in 
the surroundings of the particle of W0 3 are bonded to 
each other to form a nano-crystal thin film consisting of 
a bonded body of the ultra fine particles of W. 
[0049] The obtained nano-crystal thin film is one in 
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which the ultra fine particles of W are bonded to each 
other while maintaining particle diameters thereof. Indi- 
vidual crystal particle does not show grain growth from 
the ultra fine particles of W, having a crystal diameter of 
nanometer-order. An average crystal diameter of the na- 
no-crystal thin film of W is 10 nm or less. 

Industrial Applicability 

[0050] According to the present invention, ultra fine 
particles of W of a particle diameter of 1 0 nm or less and 
of less fluctuation in particle diameter can be obtained 
with reproducibility. The obtained ultra fine particles of 
W can be variously controlled as a single body, largely 
contributing to the study of physical properties and de- 
velopment of applications thereof accordingly. 



Claims 

1. A method for producing ultra fine particles of W, 
comprising the steps of: 

disposing a particle of W0 3 on an amorphous 
carbon film; and 

irradiating an electron beam of an intensity of 
1 0 8 to 1 0 9 A/m 2 (1 0 23 to 1 0 24 e/cm 2 sec) onto 
the particle of W0 3 in an atmosphere of high 
vacuum to detach W from the particle of W0 3 
to form ultra fine particles of W having a particle 
diameter of 10 nm or less. 

2. The method for producing the ultra fine particles of 
W as set forth in claim 1: 

wherein the electron beam is irradiated onto the 
particle of W0 3 in a vacuum atmosphere of 1 0" 5 
Pa or better. 

3. The method for producing the ultra fine particles of 
W as set forth in claim 1 or 2: 

wherein the ultra fine particles of W are single 
crystal particles. 

4. The method for producing the ultra fine particles of 
W as set forth in any preceding claim: 

wherein the ultra fine particles of W effected to 
detach from the particle of W0 3 are further 
bonded to each other while sticking on the 
amorphous carbon film. 

5. The method for producing the ultra fine particles of 
W as set forth in claim 4: 

wherein the ultra fine particles of W bonded to 
each other form a nano-crystal thin film of W 



having an average crystal diameter of 1 0nm or 
less. 



s Patentanspruche 

1. Verfahren zum Herstellen ultrafeiner W-Partikel, 
unafassend die Schritte: 

10 Ablegen eines W0 3 -Partikels auf einem Film 

aus amorphem Kohlenstoff und 
Richten eines Elektronenstrahl einer Intensitat 
von 10 8 bis 10 9 A/m 2 (10 23 bis 10 24 e/crn^s) 
auf das W0 3 -Partikel in einer Hochvakuumat- 

15 mosphare urn W von dem W0 3 -Partikel abzu- 

trennen und ultrafeine W-Partikel mit einem 
Partikeldurchmesser von 10 nm oder weniger 
zu erzeugen. 

20 2. Verfahren zum Herstellen der ultrafeinen W-Parti- 
kel nach Anspruch 1 : 

wobei der Elektronenstrahl auf das W0 3 -Parti- 
ke) in einer Vakuumatmosphare von 1 0r 5 Pa 
25 oder besser gerichtet wird. 

3. Verfahren zum Herstellen der ultrafeinen W-Parti- 
kel nach Anspruch 1 oder 2: 

30 wobei die ultrafeinen W-Partikel einkristalline 

Partikel sind. 

4. Verfahren zum Herstellen der ultrafeinen W-Parti- 
kel nach einem der vorgenannten Anspruche: 

35 

wobei die ultrafeinen W-Parcikel, die durch Ab- 
trennen von den W0 3 -Partikeln zustande kom- 
men, ferner miteinander zum Zusammenkle- 
ben gebracht werden, wan rend sie an dem Film 
^0 aus amorphem Kohlenstoff haften. 

5. Verfahren zum Herstellen der ultrafeinen W-Parti- 
kel nach Anspruch 4: 

45 wobei die ultrafeinen W-Partikel, die miteinan- 

der zusammenkleben, einen nanokristallinen 
dunnen Film von W mit einem mittleren Kristall- 
durchmesser von 10 nm oder weniger bilden. 

so 

Revendications 

1. Proc£d6 de production de particules ultrafines de 
W, comprenant les Stapes: 

55 

de mise en place d'une particule de W0 3 sur 

un film de carbone amorphe; et 

d'irradiation de la particule de W0 3 k I'aide d'un 
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faisceau d'electrons d'une intensity de 10 8 k 
10 9 A/m 2 (10 23 £ 10 24 e/cm^seconde), dans 
une atmosphere de vide pousse, pour detacher 
le W de la particule de W0 3 pour former des 
particules ultrafines de W ayant un diametre de 5 
particule de 10 nm ou moins. 

2. Proced§ de production des particules ultrafines de 
W selon la revendication 1 , 

dans lequel le faisceau d'electrons est irradie io 
sur la particule de W0 3 dans une atmosphere de 
vide de 10* 5 Pa ou mieux. 

3. Procede de production des particules ultrafines de 

W selon la revendication 1 ou 2: 15 

dans lequel les particules ultrafines de W sont 
des particules a cristal unique. 

4. ProcedS de production des particules ultrafines de 

W selon Tune quelconque des revendications pre- 20 
cedentes: 

dans lequel les particules ultrafines de W rea- 
lisees pour se detacher de la particule de W0 3 sont 
liees en outre les unes aux autres, tout en adherant 
au film de carbone amorphe. 25 

5. Proced§ de production des particules ultrafines de 
W selon la revendication 4: 

dans lequel les particules ultrafines de W liees 
les unes aux autres forment un film mince de nano- 30 
cristaux de W, ayant un diametre moyen de cristal 
de 1 0 nm ou moins. 
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FIG. 3 
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